Introduction
Virgin oils are very popular as 100% natural products with a deep color, typical taste, and smell, produced only with coldpressing and without any step of refining [1] . On international scale the Codex Alimentarius Standard for Named Vegetable Oils differentiates between virgin and cold-pressed oils. According to the international definition, every virgin oil is cold-pressed oil but not every cold-pressed oil is virgin because roasting of the seeds before cold-pressing is not allowed during production of virgin oils. Edible oils produced this way are good sources of tocopherols, carotenoids and chlorophylls, polyphenols, and other antioxidants with positive impact on human health [2] .
Vegetable oils take a very popular place in human nutrition due to the high level of polyunsaturated fatty acids and tocopherols [3] . A positive relation between vegetable oil consumption and reduced risk of coronary heart diseases, level of LDL, degenerative diseases, and cancer is very well known [4] .
The most important virgin oil in the western part of Europe, after olive oil, is rapeseed oil. High levels of monounsaturated fatty acids and lower levels of polyunsaturated fatty acids (below 30%) make this virgin oil suitable for cooking and another with range of applications [5] .
Cold-pressed apricot oil obtained by screw pressing of the apricot kernels is a very interesting niche oil which has a good potential for thermal processing of food [6] . This oil is usually classified as cold-pressed and not as virgin because usually the kernels of the apricots are roasted before pressing. Significant high levels of monounsaturated oleic acid (higher than 60%) and low levels of polyunsaturated linoleic acid (less than 30%) make this oil popular for cooking and deepfrying of food [7, 8] . The nutritional quality of this oil was tested in the period of 13 wk with albino rats and the results did not indicate any toxic effect of amygdalin which on hydrolysis liberates toxic hydrogen cyanide [9] .
The most used cooking oil in traditional cuisine of Asian counties is sesame oil [10] . Regarding the incredible thermal stability of this oil, the effect of sesamol, sesamin, and sesamolin was studied by Lee et al. [11, 12] . According to their results, the degree of degradation of those lignins is lower during the heating time in comparison to the degree of degradation of a-tocopherol. Final conclusion was that those lignins can be used as stronger and more effective antioxidants during deep frying in comparison to a-tocopherol [13, 14] . In the work of Konsoula et al., the extract from unroasted coated sesame seeds showed significant degree of inhibition of oxidation of other oils which can be connected to the high level of lignins in the sesame seeds [15] . This is the reason why we examined two sesame seed oils produced from the same plant material but one oil can be classified as virgin and the other was cold-pressed sesame seed oil with roasting of the seeds before cold-pressing.
Traditional Balkan cuisine as well as cuisines of South-East European countries mainly uses cold pressed and refined sunflower oil. The highest nutritional value of this seed oil is in relationship with significant levels of a-tocopherol [16] .
The effect of roasting on the chemical composition and oxidative stability of pumpkin seed oil was examined by Vujasinovic et al. Results from their experiments showed that roasting at 90, 110, and 130°C increased the content of phospholipids, total phenolics, and total tocopherols in oils which resulted in increased induction period from 4.50 to 12.93 h [17] .
Oils, better known for medicinal use than as cooking oils, are flaxseed oil, black cumin oil, and hemp seed oil. However, production of cold-pressed flaxseed oil with high quality is not simple due to the very high content of polyunsaturated fatty acids. More than 50% of the total fatty acids in flaxseed oil represent a-linolenic acid. That is the reason of oil instability and fast oxidation [18] .
The content of thymoquinone, fatty acid profile, oxidative stability, and antioxidant potential of six different batches of black cumin oil was examined by Lutterodt et al. According to their findings, the oxidative stability index (OSI) of these oils was in the range of 76-155 h and the thymoquinon content of 3.48 to 8.73 mg/g [19] . Regarding the sterol composition of black cumin oil, Cheikh-Rouhou et al. reported b-sitosterol as major sterol in the oil with 44% and 54% followed by stigmasterol with 16.57% and 20.92% [20] . In the work of Ramadan and Morsel, the levels of polar lipids in crude oils correlate with the oxidative stability [21] .
Matth€ aus and Br€ uhl reported more than 80% polyunsaturated fatty acids in virgin hemp seed oil and tocopherol contents between 800 and 1100 mg/L [22] . Latif and Anwar published similar results for the tocopherol content in hemp seed oil produced with enzyme assisted cold-pressing. According to their findings, the level of tocopherols was between 724.4 and 788.8 mg/kg oil and induction times by the Rancimat method were found between 1.35 and 1.71 h [23] .
It is obvious that there are already many published studies on the chemical composition and antioxidant potential of edible oils, but, till now, to the best of our knowledge there are no published results for the quality of the most consumable edible oils in Macedonia. Furthermore, some of the plants such sesame, black cumin, and hemp are cultivated for the first time in Macedonia for oil production in order to evaluate the possibility of production as well as the quality of the oils under climatic conditions in South-East region of Macedonia.
Therefore, the main object of this study was to give an overview of the chemical composition and general quality parameters including fatty acid profile, content of tocopherols and phytosterols, as well as oxidative stability and antioxidant activity of the most used cold-pressed edible oils from Macedonia.
The second object of this study was to determine parameters which can serve as markers for the purity and the detection of adulterations of oils.
Materials and methods

Harvesting and selection of plant material
Seeds from sunflower (Helianthus annuus, L.) were collected in September 2012 from the sown fields of the Ov ce Pole and Stip valleys. The flaxseed (Linum usitatissimum, L.) was collected at beginning of October 2012 from the sown fields of Povardarje valley. The kernel seeds from sweet and bitter apricot were collected in June 2012 from the region of Prespa lake. The seeds from hemp (Cannabis sativa, L.) and pumpkin (Cucurbita pepo L,) were collected 2012 from the region of Strumica. The seeds from black cumin (Nigella sativa L.) and rapeseed (Brassica napus L.) were selected from the experimental valley of the Faculty of Agriculture in the region of Stip.
Purification and cold pressing
The purification process of the plant material started with removal of broken or damaged seeds. This step was necessary because unpurified plant material can negatively affect the quality of cold-pressed oils. After purification, the next step before pressing was preconditioning. During this step, the seeds were heated below 50°C for better extraction of oil and better cake formation. Process of cold pressing was performed by a Komet single press (IBG Monforts Oecotec, Germany). During the process of cold pressing the temperature did not exceed 45°C to avoid an increase of the content of chlorophyll, phosphorus, and free fatty acids which are responsible for a higher rate of oxidation. After pressing, the fresh cloudy oil was purified from solid impurities in the tanks by sedimentation within 17 days. The quantities of plant material were collected only for needs of this experiment and yield of each cold-pressed oil was lower than 500 g with exception for sesame seeds because half of the quantity of the seeds was used for roasting.
After sedimentation, the collected oils were filtrated by using a protection filter and bottled in dark 250 mL bottle. All types of cold pressed oils were stored at temperatures below 15°C in the dark. Nine samples of experimental oils were 100% pure and two of the samples (oil 2 and oil 8) were blends of pumpkin seed oil-sunflower oil and apricot oil-flaxseed oil-hemp seed oil, respectively (Table 1) . These blends were prepared in order to test the significance of chemical composition for the determination of adulterations of pumpkin seed oil with sunflower oil and hemp seed oil with flaxseed and apricot oil. The ratio of blend oil 2 was 80% pumpkin seed oil and 20% sunflower oil and the ratio of blend oil 8 was 40% flaxseed oil, 40% hemp seed oil, and 20% apricot kernel oil.
Analytical methods
Determination of the fatty acid composition
The fatty acid composition of Macedonian cold pressed edible oils was determined using gas chromatography equipped with flame ionization detector (FID). The esters were prepared using two drops of each oil dissolved in 1 mL of heptane. After addition of 50 mL of sodium methylate with concentration of 2 mol/L, the samples were homogenized. After homogenization, 100 mL of distilled water was added to each sample. Samples were centrifuged and the lower phase was removed while to the upper phase 50 mL of 1 M HCl was added. After second homogenization, sodium sulphate anhydride was added to remove water traces. Finally, the upper phase was transferred in GC vials and fatty acid methyl esters were analyzed using a capillary GC equipped with a CP7420 Select FAME column, 100 m Â 0.25 mm internal diameter with 0.25 mm film thickness. Analyzes were performed on Agilent 6890 equipped with KAS4Plus and FID. The oven temperature was programmed to increase from 150 to 240°C with a rate of 1.5°C/min and maintained isotherm at 240°C for 20 min. The injector and detector temperature were both 260°C. Hydrogen was used as the carrier gas at an average velocity of 25 mL/min. The retention times of separated peaks were confirmed by FAME standards.
Determination of tocopherols
One hundred milligram of each sample of virgin oils was dissolved in 1 mL of heptane. Determination of tocopherols was performed with an HPLC instrument equipped with a L6000 pump, a Merck-Hitachi F-1000 fluorescence detector with excitation wavelength on 295 nm and emission wavelength on 330 nm and a Diol phase HPLC column 25 cm Â 4.6 mm ID (Merck, Darmstadt, Germany). The flow rate was 1.3 mL/min and the injection volume 20 mL. The mobile phase was a mixture of heptane and TBME in ratio 95:5.
Rancimat test
For the determination of the oxidative stability of Macedonian oils a Metrohm Rancimat model 743 (Herisau, Switzerland) was used. In order to determine the oil stability index (OSI), a stream of purified air was passed through 3.6 g of oil at 120°C at a flow rate of 20 L/h. For each sample of oil, the OSI index was determined in two portions by measuring eight samples in the apparatus simultaneously. The induction time in hours was automatically recorded and taken as the break point of the plotted curves (the intersection point of the two extrapolated parts of the curve). For determination of the content of free fatty acids the DGF standard method C-V 2 [06] was used. In brief, a mixture of ethanol and light petroleum was prepared in the ratio of 50:50 and was used as extracting agent for the oils. 10.0 g of oil was dissolved in this mixture and titration was performed by potassium hydroxide with a concentration of 0.1 mol/L. Potentiometric titration was performed by using the automatic titrator, Methrom 888 Titrando (Methrom).
Determination of ultraviolet absorbance expressed as specific UV extinction
This method was equivalent with ISO 3656:2012. For this purpose, 1.0 g of oil was dissolved into 100-mL flask by iso-octane. The mixture was shacked and the solution was transferred in the rectangular quartz cells, with covers, having an optical length of 1 cm and determinations were done at 232 and 268 nm. The absorption at the wavelengths specified in the method is due to the presence of conjugated diene and triene in the oils.
Determination of phytosterols
The sterol composition of the oils was determined following ISO/FIDS 12228:1999 (E). In brief, 250 mg of oil was saponified with a solution of ethanolic potassium hydroxide by boiling under reflux. The unsaponifiable matter was isolated by solid-phase extraction on an aluminium oxide column (Merck) on which fatty acid anions were retained and sterols passed through. The sterol fraction was separated from other unsaponifiable matter by thin-layer chromatography (Merck), re-extracted from the TLC material, and afterward, the composition of the sterol fraction was determined by GLC using betulin as internal standard. The compounds were separated on a SE 54 CB (50 m long, 0.32 mm ID, 0.25 mm film thickness; Macherey-Nagel, D€ uren, Germany). Further parameters were as follows: hydrogen as carrier gas, split ratio 1:20, injection and detection temperature adjusted to 320°C, temperature program, 245-260°C at 5°C/min. Peaks were identified either by standard compounds (b-sitosterol, campesterol, stigmasterol), by a mixture of sterols isolated from rape seed oil (brassicasterol) or by a mixture of sterols isolated from sunflower oil (D7-avenasterol, D7-stigmasterol, and D7-campesterol). All other sterols were firstly identified by GC-MS and afterward analyzed by comparison of the retention time.
Determination of total phenolic compounds and total flavonoids
In order to extract the phenolic compounds and flavonoids, 30 mL of hexane was added to 10 g of oil and triple extraction was performed with aqueous methanol (80% v/v). After extraction, the solvent was evaporated with a vacuum rotary evaporator at 40°C. Furthermore, the extracts were centrifuged (3000 rpm for 10 min.) and freezed on À20 prior to analyses. For determination of total phenolic compounds, 0.5 mL of the methanol extracts were dissolved in 5 mL distilled water and mixed with 0.5 mL of 10 times diluted Folin-Ciocalteu's reagent (Sigma Chemical Co., St. Louis, MO, USA). One milliliter of saturated sodium carbonate (37%) was added to the mixture and it was topped up to 10 mL distillated water. After 3 h, the total phenolics were measured spectrophotometrically at 725 nm. Gallic acid as standard for the preparation of a calibration curve was used (Table 2 ) in the range of 30 to 300 mg/L.
Determination of flavonoids in the oils was performed by the method of Oomah et al. (1996) . Methanolic extract (1 mL) was diluted in 3 mL of distillated water. Furthermore, 200 mL of diphenylboric acid 2-aminoethyl ester solution Table 2 . Calibration curves for total phenolic compounds, total flavonoids, TEAC, and DPPH assays
Total phenolic content
Calibration curve with gallic acid at 725 nm
Calibration curve with luteolin at 404 nm
Trolox equivalent antioxidant capacity (TEAC) assay
Calibration curve with trolox at 734 nm
DPPH antioxidant assay Calibration curve with a-tocopherol at 517 nm
(1%, v/v; Sigma Chemical Co.) was added to the mixture and the solution was measured at 404 nm. Luteolin as standard for the preparation of a calibration curve was used (Table 2) in the range from 10 to 100 mg/L.
Determination of antioxidant activity by DPPH and TEAC assays
The antioxidant activity of edible oils was estimated spectrophotometrically by using DPPH and TEAC assay. For the DPPH assay, the antioxidant activities of the oils were expressed as percentage of decolorization of a solution of the stable radical DPPH (2,2-diphenyl-1-picrylhydrazyl radical) at 517 nm. DPPH reagent was dissolved in hexane and 0.25 mL of the stock solution with a concentration of 0.5 M was used for the determination of the antioxidant activity. a-Tocopherol with different concentrations (100-1000 mg/L) was dissolved in hexane and was used as standard for the preparation of the calibration curve ( Table 2 ). The measurements for the oils were performed by direct incorporation of 10 mL of pure oil to 490 mL of DPPH reagent.
The Trolox equivalent antioxidant assay (TEAC) employed in this study gives a measure of the antioxidant activity of methanol extracts of the oils under study. For this purpose 10 mL of ABTS (2,2 0 -azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) solution was prepared from 39.23 mg of ABTS and 7.17 mg of K 2 S 2 O 2 dissolved in Nanopure water to volume. For the calibration curve with Trolox, four standard solutions were prepared in the range from 10 to 500 mg/L ( Table 2 ).
Statistical analyses
Principal component analyses (PCA) was performed to gain an overview of how the samples were correlated to each other with regard to fatty acid profile, induction time, peroxide value, FFA, specific extinction, DPPH assay, vitamin-Eactive compounds, total phenolic compounds, and total flavonoids as well as phytosterols. Correlation matrix was applied in multivariate analyses with Minitab software 17 (Minitab Inc., USA).
Furthermore, a one-way ANOVA was used to examine the level of every particular minor and major compound by considering the type of oil. The significance level of all statistical analyses was set at P ¼ 0.05. The level of significance of differences between the percentages of fatty acids, level of tocopherols, level of phytosterols, total phenolic content and total flavonoids, and values of antioxidant activity measured by DPPH and TEAC assays mean values was determined at 5% by a one-way ANOVA using Tukey's test. This treatment was carried out using SPSS v.16.0 software, IBM Corporation, USA.
The ANOVA results were classified using letters (different letters mean significant differences among results). The letters are a, b, c, d, e, f, g, h, i, and j according to the decrease of the result values.
Results and discussion
The type of the seeds and blends of the 10 studied coldpressed oils are summarized in Table 1 . As we can see from Table 1 , oil 2 is a blend from cold-pressed pumpkin seed oil and sunflower oil since 100% pure pumpkin seed oil is very seldom used on Macedonian market due to its high price. Oil 8 is a blend of cold pressed apricot, hempseed, and flaxseed oil. All other samples were pure oils obtained from 100% native plant material.
Fatty acid composition
The fatty acid composition of the oils is presented in Table 3 . Regarding the saturated fatty acids, black cumin oil had the highest percentage of palmitic acid (12.2%). Roasted and unroasted sesame seed oils had the same abundance of 9.3% of palmitic acid. Oleic acid as monounsaturated fatty acid was most dominant (70.90%) in cold-pressed apricot kernel oil while hemp seed oil had the lowest level of this monounsaturated fatty acid with only 13.2%. Comparing the results from the fatty acid composition of apricot kernel oil with those published in the work of Tian et al. shows very different results for the two main fatty acids: oleic and linoleic acid [6] . In the sample of Macedonian apricot kernel oil, the main fatty acid was oleic acid with abundance of 70.9%. On the other hand, apricot kernel oil which was examined by Tian et al. had 40.9% oleic acid and 49.3% linoleic acid which can induce lower oxidative stability in comparison to Macedonian apricot kernel oil. The fatty acid profile of Macedonian apricot kernel oil was almost identical to the results published for Turkish oil from Prunus spp. in the work of Matth€ aus and € Ozcan [8] . A blend of sunflower oil and pumpkin seed oil (oil 2), sunflower oil (oil 3), hemp seed oil (oil 6), and black cumin oil (oil 9) were the richest sources of linoleic acid. Comparing the fatty acid profile of oil 2 and oil 3 reveals very similar percentages of all determined fatty acids. Therefore it seems to be impossible to calculate the percentage of sunflower oil in pumpkin seed oil on the basis of the fatty acid composition, only.
The fatty acid composition of hemp seed oil from Macedonia was in very good agreement with results published for hemp seed oil from New Zealand [24] . Results showed 57.4% linoleic acid and 17.1% a-linolenic acid and were very similar to those published from Matth€ aus et al. [22] , and Latif et al. [23] .
Flaxseed oil was the richest source of a-linolenic acid (ALA) with 55.1% of total abundance. Comparing the fatty acid composition of pure apricot kernel oil, flaxseed oil, and hemp seed oil with the fatty acid composition of oil 8 which is blend from these three oils, almost equal levels of linoleic and linolenic acid can be found. Furthermore, a very low level of oleic acid indicates that around 20% of apricot kernel oil was added to the mixture of equal amounts of hemp seed oil and flaxseed oil.
The fatty acid profiles of unroasted and roasted sesame oil show the results from the same raw material but different pretreatments of the seeds. Both sesame seed oils consist of a similar amount of oleic acid and linoleic acid and a very small amount of a-linolenic acid (with abundance of around 0.3%). The results are in very good agreement with those published in the work of Park et al. who used the fatty acid profile for the discrimination of blended sesame seed oil with soybean oil [25] . Black cumin oil was high in linoleic acid and the level of a-linolenic acid was almost identical to of the results from Lutterodt et al. Rapeseed oil also had a favored fatty acid profile with 59.2% of oleic acid [19] .
Oxidative stability of oils
The results from the fatty acid composition in Table 3 and the oxidative stability of the same oils in Table 4 show a very good correlation. As we can see from Table 4 , cold-pressed apricot kernel oil had a very good oxidative stability index (OSI) of 7.6 h. The relatively high oxidative stability of this oil can be explained by the high content of oleic acid with abundance of over 70%. However, cold pressed apricot kernel oil is not the most stable cold pressed oil.
As we can see from the Table 4 , roasted sesame seed oil has the highest oxidative stability index with 10.9 h. Although this oil consists of 9.3% saturated palmitic acid and 43.1% of monounsaturated oleic acid, the fatty acid profile is not the reason for this high stability. The highest impact on the oxidative stability of this oil has the roasting process of the seeds of sesame. Roasting of sesame seeds is essential because of two reasons. The first and less important reason is the deactivation of enzymes which usually react with triacylglycerols (TAG) affecting the oil quality for instance by hydrolysis or production of phospholipids [26] . However, the fatty acid composition of roasted and unroasted sesame oils show almost the identical profile, but roasted sesame seed oil had more than double the stability of unroasted sesame seed oil which leads to conclusion that deactivation of enzymes as lipase and lipoxygenase by heat pre-treatment can not significantly improve the oxidative stability of the oil. This improved stability is most probably provided by Maillard Reaction Products (MRPs) formed during roasting, which are products of the reactions between reducing sugars and amino acids at elevated temperatures and low moisture. Durmaz et al. explained that MRPs obtained from model systems could also retard the oxidative deterioration of oils. According to their findings during the process of roasting of apricot kernel seeds, degradation of naturally occurring antioxidants, and formation of antioxidant MRPs occurs together. Under severe roasting conditions, the degradation rate might have been higher than the formation of MRPs and the total antioxidant capacity could be reduced [27] . Furthermore, the susceptibility against oxidative deterioration of hemp seed oil, flaxseed oil, and oil blend 8 can be explained also by the fatty acid composition. In terms of fatty acids, hemp seed oil had very high abundance of polyunsaturated fatty acid for instance a-linolenic acid and a very low level of monounsaturated fatty acids e.g., oleic acid. Flaxseed oil, with over 50% of a-linolenic acid is also a very unstable oil and blending these two oils with apricot oil did not really improve the oxidative stability. According to the findings of Br€ uhl et al., samples from different varieties of hemp seeds, had identical fatty acid composition with significant high levels a-linolenic acid of about 47-55%.
Although it might be that a higher content of thymoquinone can improve the oxidative stability of black cumin oil, this oil had a lower oxidative stability in comparison to published data [19] . Possibly this can be explained by the lowest level of vitamin-E-active compounds (24.8 mg/100 g oil) found in the present work. The lowest oxidative stability showed the blend of pumpkin seed oil and sunflower oil (oil 2) with an induction period of 2.3 h. This strongly indicated that seeds of pumpkin were not roasted at elevated temperature forming antioxidant active MRPs.
Peroxide value, free fatty acids (acidity) and specific extinction
In Table 4 results for parameters describing the quality of the different oils are presented. Peroxide value and specific extinction at 232 nm summarize the oxidative state, while the amount of free fatty acids reveals some information about the quality of the used raw material.
The lowest peroxide value was found for roasted sesame seed oil with 0.7 meq O 2 /kg of oil and flaxseed oil with 1.1 meq O 2 /kg of oil, while the other oils showed significant higher peroxide values from 2.6 to 10.6 meq O 2 /kg of oil. None of the oils exceeded the limit of 15 meq O 2 /kg of oil given by the Codex Standard for Named Vegetable Oils for cold-pressed and virgin oils. The quality of the roasted sesame oil was also confirmed by the lowest percentage of free fatty acid (0.37%) and the highest oxidative stability (10.9 h). On the other hand, oil blend 8 had a relatively high peroxide value (10.3 meq O 2 /kg) which was in good correlation with the lowest OSI (0.4 h). Both indices are indications for the instability of the oil blend. Although the Rancimat test did not show a very low OSI value blend 2 had the highest peroxide value of 10.6 meq O 2 /kg of oil, similar to blend 8 which indicates a weak oxidative state of this oil.
For all oils the content of free fatty acids was significant below the limit defined for cold-pressed and virgin oils by the Codex Standard for Named Vegetable Oils as 2.0%. Except of rapeseed oil for all other oils the content of free fatty acids was below 1%. This was an indication for the use of high quality raw material for the preparation of the different oils. Results for specific extinction presented in Table 4 showed the highest level for oil blend 2 and unroasted and roasted sesame oil which is an indication for the presence of conjugate diene and triene systems. Only poor correlations below R ¼ 0.25 were found between oxidative stability and peroxide value and antioxidant activity, respectively, showing that the contribution of the peroxide value and the antioxidant activity to the oxidative stability of the oils was only weak in comparison to other parameters such as fatty acid composition.
Vitamin-E-active compounds
Fatty acid profile of the oils is not the only indicator for the identity of oils. Vitamin-E-active compounds such as tocopherols and tocotrienols are very important minor compounds responsible for the oxidative stability of the oil and its antioxidant activity. Table 5 shows that the lowest amount of tocopherols and tocotrienols was detected for black cumin oil (24.8 mg/100 g of oil) and the richest source of vitamin-E-active compounds was hemp seed oil (69.7 mg/100 g of oil). Hempseed oil had a significant level of g-tocopherol (64.9 mg/100 g of oil) comprising of about 93% of the total vitamin-E-active compounds. It was reported that the high degree of unsaturation of fatty acids in flaxseed oil correlates with the high g-tocopherol content. Kamal-Eldin et al. suggested a positive correlation between content of C18:3 and gtocopherol [28] . Although blend oil 8 contained a high amount of g-tocopherol, the other parameters indicated a low stability. It is obvious that the level of total vitamin-E-active compounds of 63.2 mg/100 g of oil was insufficient to protect the oil from oxidation.
Generally speaking, apricot kernel oil and hemp seed oil contained the highest amount of g-tocopherol while in sunflower oil the highest content of a-tocopherol was found. The high content of a-tocopherol in comparison to other tocopherols can be used as marker for the purity of sunflower oil. However, the content of 12.4 mg of a-tocopherol/100 g in blend 2 can not be a reliable proof to identify 20% of sunflower oil in pumpkin seed oil. The results obtained for apricot kernel oil were in good agreement with the finding of Matth€ aus and € Ozcan [8] . Their results showed g-tocopherol as dominant in all Prunus varieties.
b-Tocotrienol was detected in higher amounts in black cumin oil and in traces in apricot kernel oil. A significant content of plastochromanol-8 was detected in flaxseed oil. On the other hand, hemp seed oil was the richest in dtocopherol. Seven point nine milligram per hundred gram of plastochromanol-8 in blend oil 8 indicated the presence of flaxseed oil in apricot oil, but 1.4 mg/100 g of d-tocopherol can not be an indication for the presence of hemp seed oil in apricot oil because apricot oil is a natural source of this tocopherol.
Total phenolic compounds and total flavonoids
The results of the total content of phenolic compounds and flavonoids are presented in Table 6 . The highest content of total phenolic compounds was determined in black cumin oil with a level of 295.8 mg/kg oil which is in excellent agreement with results published by Tauseef Sultan et al. who found 310.26 mg/kg of phenolic compounds [29] . The oils from sesame seeds were also relatively rich in phenolic compounds, whereas sesame seed oil from unroasted seeds showed a higher level (133.42 mg/kg oil) in comparison to the oil from roasted seeds (128.98 mg of gallic acid per kg oil) since the heat treatment affects the extractability of phenolic compounds. The values were higher in comparison to those published in the work of Konsoula and LiakopoulouKyriakides [15] , because these sesame seed oils were obtained by hexane extraction instead of cold-pressing in the present work. The extraction process by solvent preserve leaves most of the phenolic acids in sesame seed cake [15] . Furthermore, results for the content of phenolic compounds in crude rapeseed oil were ten times less than results Table 5 . Vitamin E active compounds in cold pressed oils (mg/100 g of oil) published by Zheng et al. [30] . According to their findings, the level of polar phenolic compounds in samples of rapeseed oils determined by Folin Ciocalteu's reagent were in the range of 10.17 -to 80.63 mg/100 g of oil [30] . Koski et al. published even higher levels of total phenolic compounds in rapeseed oil in the range from 439 to 1066 mg/kg expressed as caffeic acid equivalents [31] . In the sample of Macedonian rapeseed oil, 74.13 mg/kg of total phenolic compounds expressed as gallic acid equivalent was determined. The quantities of total flavonoids were significantly lower in comparison to the content of total phenolic compounds. The level of total flavonoids in flaxseed oil was approximately four times less than the levels published by Teh and Birch. The similar tendency was observed for cold pressed hemp seed oil and rapeseed oil [24] . Except black cumin oil and hemp seed oil with 69.18 and 45.12 mg luteolin/kg of oil, the other examined oils had levels of total flavonoids below 40 mg luteolin/kg of oil.
Antioxidant activity by DPPH and TEAC assays
Oxidative stability and antioxidant activity are two parameters which explain the resistance of oils against oxidative deterioration by oxygen during heating and storage. Antioxidant effectiveness of the oil is dependent on the extent to which the antioxidant participates in side reactions, such reactions with species other than peroxyl radicals. These side reactions will decrease the level of antioxidant active compounds such as tocopherols, sterols, and phenolic compounds and lead to the formation of active radicals able to initiate new oxidation reaction chains. Kinetic studies on the oxidation rate data are useful tools to interprete differences in the antioxidant effect of a-and g-tocopherol. Turan et al. described that the antioxidant is effectively consumed in reactions with peroxyl radicals, when the induction period is linearly dependent on the initial concentration of the antioxidant, but it is an indication that the antioxidant participates in side reactions when this relation is not linear [32] .
Results presented in Table 4 showed a good correlation between antioxidant activity of the oils related to atocopherol and the sum of total tocopherols and tocotrienols presented in Table 5 . Flaxseed oil and hemp seed oil had the highest total level of tocopherols and these oils showed the highest antioxidant capacity by the DPPH method. Since, the level of total phytosterols were similar in both oils (Table 7) , we can conclude that vitamin-E-active compounds had stronger impact on the total antioxidant activity in comparison to the impact of phytosterols.
The lowest antioxidant potential was found for sunflower oil because of the lower level of tocopherols and domination of a-tocopherol instead of g-tocopherol. A comparison of the levels of vitamin-E-active compounds and the results from DPPH assay from all ten oils, shows that oils with higher levels of g-tocopherol had higher antioxidant potential. It might be that g-tocopherol had the strongest antioxidant potential in comparison with a-tocopherol and all other vitamin-E-active compounds [33] .
The antioxidant activity of the methanolic extracts of the oils determined by Trolox equivalent antioxidant capacity (TEAC) assay was in very good correlation with content of total phenolic compounds (r ¼ 0.9856). As can be seen from Table 6 , the highest scavenger activity had the methanolic extract of black cumin oil with an antioxidant activity equivalent to 396.12 mg of Trolox/kg of oil. Furthermore, unroasted and roasted sesame seed oils indicated antioxidant activity equal to 157.82 mg and 114.92 mg of Trolox/kg of oil, respectively. The lowest antioxidant potential had apricot kernel oil with an antioxidant activity of 44.55 mg of Trolox/ kg of oil.
Comparing the results from total flavonoids and total phenolic compounds with values obtained for TEAC and DPPH assay, it can be conclude that total phenolic compounds affect the values of antioxidant activity determined by TEAC assay. On the other hand, there is weaker correlation between results from total flavonoids and TEAC assay (r ¼ 0.7199). In the work of Alu'datt et al., the Vitamin-E-active compounds had the strongest impact on the antioxidant activity of the oils measured by DPPH assay. This finding in the present work is very similar to the work of Tuberoso et al., who concluded that free radical scavenging was mainly influenced by the tocopherol content and the content of polyunsaturated fatty acids in the oils [35] .
Sterol composition in oils
Phytosterols are plant sterols with structure similar to cholesterol. They are minor constituents in oils and normal constituents of human diet. Phytosterols, primarily bsitosterol, campesterol, and stigmasterol are membrane constituents of plants that effectively reduce serum LDL cholesterol and atherosclerotic risk. Their presence in the oils frequently is connected to higher antioxidant activity [21] . Table 7 shows the content of total phytosterols with the highest level (7966.55 mg/kg of oil) in rapeseed oil and lowest level in black cumin oil (1746.03 mg/kg of oil). The level of total pytosterols for apricot oil (4243.98 mg/kg) was similar to the level of total pytosterols in apricot kernel oil found from Turan et al., for Hacikiz variety (3761 mg/kg oil) [34] . The total quantity of phytosterols in flaxseed oil from Macedonia (3263.46 mg/kg) was lower in comparison to the results of Ciftci et al. but champesterol was also the next dominant phytosterol after sitosterol [36] .
In all the oils b-sitosterol was the major phytosterol with amounts in the range between 828.72 mg/kg for black cumin oil and 3656.5 mg/kg for rapeseed oil. D5-avenasterol was found to be the second most abundant sterol in almost all examined oils with exception of sunflower oil and blend of pumpkin seed oil and sunflower oil. The range of D5-avenasterol was between 268.28 mg/kg for rapeseed oil and 518.62 mg/kg for roasted sesame seed oil. It was reported that D5-avenasterol has an antipolymerization effect, which could protect oil from oxidation during prolonged heating at high temperatures [37] . Significant oxidative stability of apricot kernel oil and acceptable oxidative stability of flaxseed oil can be resulted from the presence of higher level of this phytosterol apart from fatty acid profile and vitamin-Erelated compounds in these oils.
Sitostanol was present in apricot kernel oil with abundance of 123.96 mg/kg and in roasted sesame oil with 1156.75 mg/kg. Brassicasterol was found exclusively in rapeseed oil usable as marker for a mixture of rapeseed oil to other oils. D5,23-Stigmastadienol was absent in almost all oils and it was present only in trace amounts in sunflower oil and in the mixture of pumpkin seed oil and sunflower oil and black cumin oil. Unroasted sesame seed oil had a very similar concentration of total phytosterols to roasted sesame seed oil. Possibly these two oils are the best proof that phytosterols did All analyses were performed in triplicate. The different letters mean significant differences among results. The letters are a, b, c, d, e, f, g, h, i, and j according to the decrease of the result values.
not contribute significant to the total oxidative stability of oils and that the key factor for the oxidative stability is the roasting process of the sesame seeds with the formation of MRP(s). The presence of campesterol was lowest in apricot kernel oil (199.17 mg/kg) and highest in rapeseed oil (2979.80 mg/kg). D7-Stigmastenol and D7-Avenasterol had significant amounts in the blend of sunflower oil and pumpkin seed oil and pure sunflower oil. The level of D7-stigmastenol was 471.49 mg/kg determined in blend oil and 370.24 mg/kg in sunflower oil. Chlerosterol was present in higher level only in sunflower oil with dosage of 292.05 mg/kg.
The percentages of the three main phytosterols sitosterol, champesterol, and stigmasterol in black cumin oil were in good agreement with published results of Cheikh-Rouhou et al. [18] . Percentages of b-sitosterol and champesterol in hemp seed oil were in very good agreement with results of Matth€ aus and Br€ uhl [23] .
Oil 2 (blend of sunflower and pumpkin seed oil) and sunflower oil showed a similar phytosterol composition. Here the similar level of D7-stigmastenol in oil 2 can give an indication to the presence of sunflower oil as cheaper oil in pumpkin seed oil.
Finally, a comparison between the antioxidant activity and the phytosterol profiles show that phytosterols are more useful as markers for the purity of oils than for their contribution in the overall antioxidant potential.
Application of principal component analyses (PCA) for separation and classification of Macedonian cold-pressed oils
As shown in Fig. 1 , Principal Component Analyses (PCA) was applied in order to see grouping, separation, and classification of the edible oils by all measured parameters, fatty acid profile, oxidative stability (Rancimat test), peroxide value, FFA, specific extinction, vitamin-E-active compounds, phytosterols, total phenolic compounds, total flavonoids, DPPH, and TEAC assays. Figure 1 showed a separation of the oils in three groups. The first group in the negative part of PC1 consists of two oils with similar properties: virgin sunflower oil and blend of sunflower and pumpkin seed oil. Figure 1 reveals that similarities between these two oils are due to similar profile of fatty acids, vitamin-E-active compounds, and phytosterols. The other two groups which were classified by PCA due to similar properties of the oils can be found in the positive part of PC1. The first group of oils in the positive part of PC1 consists of apricot oil [1] , flaxseed oil [4] , hemp seed oil [6] , and a mixture of these two oils with apricot kernel oil [8] . The dominant fatty acid in flaxseed oil was ALA with abundance of 55.14% and the dominant fatty acid in hemp seed oil was linoleic acid with 57.40%, followed by significant high levels of g-tocopherol and very low quantities of saturated fatty acids: palmitic and stearic acid. As could have been expected, the most similar oil to them was blend oil 8 which was mixture of 40% of flaxseed oil, 40% of hempseed oil, and only 20% of apricot kernel oil.
The second group of oils in the positive part of PC1 consists of unroasted [5] and roasted sesame seed oil [7] . Although roasted sesame seed oil had the highest oxidative stability, significantly higher than that of unroasted sesame seed oil, the influence of other parameters describing the composition of the oils and showing that these two oils were obtained from the same plant material led to a grouping of the two oils in the same area of the PCA.
was found in the negative part of PC1 and the positive part of PC2, apart from the other oils. One possible reason Figure 1 . Score plot of fatty acid profile, induction time, peroxide number, FFA, specific extinction, total phenolic compounds, total flavonoids, DPPH assay, vitamin-E-active compounds, and phytosterols.
that this oil did not belong to any of the three groups could be the highest level of total phenolic compounds and total flavonoids as well as significant higher antioxidant potential determined by TEAC assay.
Furthermore, rapeseed oil [10] was found apart from the other groups in the positive part of PC1 and PC2. This oil had significantly higher amount of total phytosterols as well as the highest level of brassicasterol, 24-methylencholesterol, campesterol, and b-sitosterol.
Conclusions
Eight cold-pressed oils from Macedonia as well as two blends were investigated regarding the composition of the main constituents and different quality parameters. These results were used to differentiate the cold-pressed oils by Principle Component Analysis. The study has shown that the quality of different types of cold-pressed oils produced in Macedonia were similar to oils from other locations described in literature. The investigation also revealed that it was possible to differentiate different types of oil mainly according to their fatty acid composition, the amount of vitamin-E-active compounds, and phytosterols while the contribution of other quality parameters e.g., describing the oxidative state have only a small effect. As a result of PCA with the different parameters it was possible assign sunflower oil to the blend of sunflower oil and pumpkin seed oil and apricot oil, hemp seed oil and flaxseed oil to a blend of these three oils, respectively. Additionally the two sesame oils, roasted and unroasted were grouped together although both oils showed significant differences with regard to the oxidative stability. The results also revealed that a differentiation of back cumin oil and rapeseed oil from the other oils was possible since they were located apart from the other oils in the PCA plot. It can be concluded that the composition of the fatty acids, vitamin-E-active compounds, and phytosterols are helpful parameters for the characterization and differentiation of different vegetable plant oils or blends of it.
Finally, antioxidant activity of the oils depends on the assay which is applied. The highest impact on the antioxidant activity of the oils determined by DPPH had vitamin-E-active compounds. On the other hand, the methanol extracts from the oils with the highest levels of total phenolic compounds indicated the highest antioxidant activity obtained by (TEAC) assay.
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